Background: Dental caries remains a serious problem due to its detrimental effects on individual health and quality of life. The bulbs of Myrmecodia pendans (Merr & Perry), native plants of Papua, have been used as natural remedies for tumours, gout, diarrhoea, and fever. In this study, one of the active compounds of M. pendans was isolated, and its biological activity against the formation of Streptococcus mutans ATCC 25175 biofilm was tested. Methods: M. pendans was extracted with ethyl acetate using a Soxhlet apparatus. The extract was then separated, and chromatographic purification provided the isolated compound. The structure of the active compound was then characterized using UV, IR, NMR, and MS spectrometry. The obtained compound was added to S. mutans biofilms to determine the MBIC and MBEC values.
the toxicity of M. pendans extract at a dose of 375 mg/ kg bw caused liver degeneration, whereas a dose of 3. 750 mg/kg bw caused cell necrosis [8] .
Methods

Chemicals and reagents
Silica gel resin 60 Li Chroprep RP-18 (Merck®), Kiesel gel 60 F254 and RP-18 F254S were purchased from Merck® (Darmstadt, Germany). Some of the solvents used in this study were purchased from Merck Co. Ltd., and the rest were purchased from Sigma Aldrich Co. Ltd. (St. Louis, MO, USA).
Plant material collection and determination
Dried bulbs of M. pendans were acquired from Papua and were identified by Mr. Joko (Botanist) at the Laboratory of Plant Taxonomy, Department of Biology, Faculty of Mathematics and Natural Sciences Universitas Padjadjaran, Bandung, Indonesia.
Extraction of the bulbs of M. pendans
The extraction of M. pendans bulbs was performed using a Soxhlet apparatus because the associated procedures are relatively fast and require less solvent than maceration methods [9] . Additionally, based on prior research on the isolation of these compounds, a temperature of 40°C was used to prevent the decomposition of the compounds in the extract. Heating at 40°C during the Soxhlet extraction process will not damage the constituents; therefore, the compounds contained in the M. pendans bulb were thermally stable. Ethyl acetate was used in the extraction process because after conducting a qualitative test with a thin-layer chromatography, the target compound was found in the ethyl acetate fraction.
As much as 1.5 kg of M. pendans bulbs was cut into small pieces to extract the maximum amount of each compound. Bulb pieces were extracted with as much as 3 L of ethyl acetate at 40°C for 5 × 8 h using a Soxhlet apparatus (CV Ruchi) [9] . The extract was concentrated on a rotatory evaporator (Buchi® brand) at approximately 40°C until 55.7 g of a concentrated ethyl acetate extract of M. pendans was obtained.
Separation and purification of the ethyl acetate extract of M. pendans bulbs
The concentrated ethyl acetate extract of M. pendans bulbs was separated by liquid column chromatography with stationary G 60 silica gel (70-230 mesh) and 10% (v/ v) of n-hexane-ethyl acetate as the eluent, and 11 fractions were produced. The contents of each fraction were then analysed using thin-layer chromatography (TLC) [10] with a stationary silica gel phase G 60 F 254 in determining the suitable solvent composition at subsequent purification process. The TLC results showed that fraction 3 of the first column chromatography step had relatively simple pattern of spots (R f = 0.87) compared to other fractions. The fraction (5.7 g) was further purified using liquid column chromatography with a stationary G 60 (70-230 mesh) silica gel phase and 2.5% (v/v) nhexane-ethyl acetate as the eluent, and 17 fractions were produced. The fractions of the 2nd column chromatography step were analysed by TLC with a stationary silica gel (G 60 F 254 ) phase. The patterns of spots for 3-(7-9) showed a high number of individual components for 3-(7-9) to be considered pure (62.8 mg). The pattern of spots was further analysed by reversed-phase TLC using an octadecyl silane (ODS) stationary phase and 100% methanol as the eluent to determine a suitable solvent for the further purification of these fractions. The results of the analysis of fractions 3-(7-9) showed they had a constituent with the same R f (0.62) as well as one other constituent. Then, the fraction was purified again by reversed-phase column chromatography using ODS RP-18 as the stationary phase and methanol with a 5% gradient of water (v/v) as the eluent, resulting in 8 fractions. The fractions of the 3rd column chromatography step were analysed using TLC with an ODS stationary phase, and this analysis showed the presence of a single compound, compound 1.
Structural determination
The structure of compound 1 was determined by analysing its 1 H NMR, 13 The proposed structure of compound 1 was confirmed by mass spectrometry (ES-MS Spectrometer, UPLC Type MS/MS TQD, Waters). The mass spectrum was acquired in the negative ion (ES-) mode, which means that the peaks observed will indicate molecular weights slightly lower than the actual molecular weights. Furthermore, the chemical shifts of compound 1 were compared with those of a reference. The diterpenoid structure of compound 1 was confirmed by comparison of the chemical shifts of compound 1 with those of isocupressic acid, and the aliphatic chain was confirmed by the HMBC data of compound 1, and together, these data allowed us to assign all the chemical shifts. The results of the analysis of the two-dimensional NMR data confirmed the fragments and proposed structure of compound 1.
Bacterial strain and inocula preparation
The bacteria used was Streptococcus mutans ATCC 25175, and the bacteria were streaked on Muller Hinton agar (MHA) and incubated at 37°C for 48 h under facultative anaerobic conditions (5% CO 2 ). For the inoculum preparation, one inoculating loop of bacteria was grown in liquid MHA medium overnight at 37°C and adjusted to the appropriate optical density (at 595 nm) using a UV-VIS (Shimazu® brand) spectrophotometer. The bacterial suspension was then diluted until it reached the McFarland standard of 0.5 or it contained approximately 10 8 CFU/mL [11] .
Determination of the minimum inhibitory concentration (MIC)
The MIC of compound 1 from the bulbs of M. pendans was determined using a series of broth microdilutions according to the procedure described by Eloff [12] with a slight modification. Compound 1 was serially diluted in a 96-well microplate with MH broth as the solvent until a 1-100 ppm concentration was obtained. One hundred microliters of inoculum (bacterial suspension) was added to the well, and then the plate was sealed with parafilm and incubated for 24 h at 37°C.
The MIC values were examined after the addition of 50 μL of crystal violet and incubation for an additional 30 min at 37°C. The presence of bacterial growth was determined based on the colour change of the suspension in the well, and a reduction in the intensity of the violet colour indicated the activity of compound 1 (terpenoid) [13, 14] .
Analysis of the minimum biofilm inhibitory concentration (MBIC)
The effect of this terpenoid from M. pendans bulbs on S. mutans biofilm formation was measured using a modified Perumal method [15] . Each well of a 96-well microplate was filled with brain heart infusion (BHI) and 1% sucrose medium between 20 μL and 160 μL of bacterial culture with a cell density of 10 8 CFU/mL. To each well, 20 μL of terpenoid compound was added to give final concentrations of the compound from 1 to 100 ppm. Blank bacterial culture was used as a negative control, and the addition of 0.2% chlorhexidine was used as a positive control. After incubation for 24 h, the culture and the test compounds were removed, and each well was twice washed with 200 μL of phosphatebuffered saline (PBS). Afterwards, staining was performed by the addition of up to 200 μL of crystal violet stain and incubation for 30 min. The excess crystal violet stain was removed by rinsing three times with as much as 200 μL of PBS. Finally, up to 200 μL of 10% glacial acetic acid was added to each well to dissolve the crystal violet attached to the biofilm. Then, the absorbance was measured at a wavelength of 595 nm using a microplate reader.
Minimum biofilm eradication concentration (MBEC)
The ability of the terpenoid from M. pendans bulbs to eradicate S. mutans biofilm was analysed using microdilution with a modified version of the method described by LaPlante [16] . The process of S. mutans biofilm production was as described for MBIC analysis. After biofilm production, compound 1 (a terpenoid) was added, and the samples were left to stand for between 1 and 30 min. Wells containing bacteria were used as the negative control, and chlorhexidine was used as the positive control. The MBEC value was the lowest terpenoid concentration that was able to eradicate the biofilm, and the value was determined from the change in the colour of the well from the crystal violet and the MIC value.
Results
Thin-layer chromatography analysis
The pattern of spots from the TLC of fractions 3-(7-9)-(7&8) from the third column chromatography purification with 100% methanol as the solvent is shown in Fig. 1 . The fraction was found to have a component with an Rf = 0.6. This compound was subsequently named compound 1, and 33.2 mg of the compound was isolated.
NMR analysis
Compound 1 was a yellow, methanol-soluble oil that fluoresced under UV light (254 nm and 365 nm). These characteristics showed that there were n → π* and π → π * transitions available in compound 1. The transition of n → π* indicated that compound 1 had a carbonyl group, and the transition of π → π* indicated that compound 1 had a double bond. The results of the analysis of the 1 H NMR, 13 C NMR, HMQC, DEPT 135°, 1 H-1 H COSY, and HMBC spectra are shown in Table 1 .
The infrared spectrum (IR) of compound 1 from a KBr pellet showed the presence of an absorption band at 3427 cm
, which is indicative of a hydroxyl group [17, 18] . The presence of the absorption at 2935 cm − 1 indicated the presence of an sp 3 C-H bond. Additionally, there was a band at 1715 cm − 1 characteristic of a C=O (carbonyl) moiety [18] . There were also absorptions indicative of the gem dimethyl fragment at 1384 cm − 1 and 1450 cm 2 carbon signals, and 1 carbonyl moiety (C=O) at δ C 177.1 ppm. The peak with a shift of 78.9 ppm was thought to be from an oxygenated carbon [19] .
The DEPT-135°spectrum of compound 1 (Fig. 4.7 The HMQC spectrum confirmed the numbers carbons and hydrogens determined from the 13 C NMR and 1 H NMR spectra as well as the environmental information determined from the proton signals. There was a onebond correlation between H-22 (3H; 1.48 ppm) and C-22 (18.0 ppm) in compound 1, and these signals can be attributed to a methyl group. This correlation was supported by the DEPT-135°data, which showed a positive signal for C-22. Additionally, the binding of 3 protons confirmed that C-22 was a methyl group and not a methine group. A one-bond correlation was also observed from H-2 (2H, 1.29 ppm) to C-2 (27.0 ppm) and from H-6 (2H, 1.29 ppm) to C-6 (30.2 ppm), which were methylene groups. The one-bond correlations of H-21 (2H, 4. 49 ppm) with C- 21 [20, 21] .
The three-bond correlation between the proton at C-25 and the proton at C-26 confirmed that the protons were in the same spin system, and the correlation between the proton at C-28 and the proton at C-29 proved they were in the same system as well. These correlations showed that these protons were adjacent. The HMBC correlations were used to determine the positions of the functional groups and the partial structure of compound 1, and the HMBC spectrum showed 2 J-3 J correlations between protons and carbons.
The HMBC spectrum of compound 1 showed correlations between the H-19 protons and C-2 and C-6. It can be assumed that there was a methyl group (C-19) attached at C-4 of the A ring. There were 2 sp 2 methylene groups (C-18 and C-21) in compound 1. The 3 J correlation between the H-18 protons and C-16 and the 2 J correlation between the H-21 protons and C-8 helped elucidate the position of the double bond in compound 1. The 3 J correlations between the H-14 protons and C-23 and between the H-24 protons and C-22 suggested a gem dimethyl group was present at the C-13 position. The presence of a gem dimethyl fragment was supported C NMR: was used to determine the number of carbon signals. HMQC: was used to determine the number of proton signals DEPT 135°: was used to determine the number of methyl signals COSY: was used to examine the correlations between hydrogens HMBC: was used to determine the positions of functional groups and partial structures by the absorption bands at 1384.90 and 1450.96 cm − 1 in the infrared spectrum. There were also 2 double bonds in compound 1 (δ C 123.66 ppm, 136.55 ppm, 146. 84 ppm, and 118.45 ppm). The double bond between C-11 and C-14 was confirmed by the correlations between H-11 and C-24, H-11 and C-23, and H-14 and C-23. The 3 J correlations between H-25 and C-27 and between H-27 and C-25 indicated the second double bond was between C-25 and C-26.
Based on the connectivity of the fragments of compound 1 determined from analysis of the twodimensional NMR data, the structure of compound 1 was proposed to be that of a diterpenoid derivative. This compound has a molecular formula of C 31 H 50 O 3 with seven degrees of unsaturation. The proposed structure of compound 1 is shown in Fig. 2 .
Based on the results of the mass spectrometric measurements, compound 1 had a molecular weight of m/z 469.99. This result supported our proposed structure of compound 1, which has a molecular formula of C 31 H 50 O 3 and a molecular weight of 470.
Based on a comparison of the NMR data of compound 1 to those of a reference compound, it was clear that compound 1 has signals that similar to those of the reference compound; thus, compound 1 was determined to be a diterpenoid derivative [22] . Furthermore, compound 1 was a terpenoid.
Inhibition of S. mutans biofilm formation by a terpenoid from M. pendans bulbs
The MIC value of the isolated terpenoid towards S. mutans was 40 ppm. The MBIC value of the terpenoid towards S. mutans biofilm formation was 50 ppm (Table 2 ). However, with three repetitions, the standard deviation for each measurement increased. This result was probably caused by the tendency of S. mutans to aggregate, which altered the amount of bacteria present in the initial culture preparation in each batch, which in turn impacted each measurement.
Results of the ability of the terpenoid from M. pendans to eradicate S. mutans biofilm
The MBEC value of the terpenoid towards the Streptococcus mutans biofilm for 1 min of treatment tended to increase; thus, the eradication percentage, or the amount of biofilm damaged also increased over time. At concentrations above 100 ppm, the relationship between activity and concentration was no longer linear, and those data were not included in the graph. The terpenoid from M. pendans bulbs was able to eradicate approximately 40% of the biofilms that had formed in 1 min at the highest concentrations tested (Table 2 ). After 30 min of treatment, a discrepancy was found between different experiments. Only one plate showed results consistent with those found for the 1 min treatment.
Discussion
The results of the NMR experiments conducted in this study showed that compound 1 was a diterpenoid derivative called a terpenoid with a molecular formula of C 31 H 50 O 3 . Previous research conducted by Widyawati [23] also found an active compound, which was a diterpenoid derivative, with the molecular formula of C 25 H 40 O 4 . However, there was a different substituent present at C11, and the number of carbons was different (25 carbons in the prior study compared to 31 carbons in this study). Although the core of the compounds was the same, the overall characteristics showed that they were different compounds. The MIC value of the C 25 H 40 O 4 terpenoid towards S. mutans was 78.125 ppm [23] , while the MIC of the terpenoid isolated in this study was 40 ppm. Perumal's study [15] showed that the most active compound of Euphorbia hirta L. was a terpenoid. Terpenoids are the largest group of natural plant products known for having potential antimicrobial activities.
The MBIC value of the terpenoid from M. pendans bulbs towards S. mutans biofilm was 50 ppm, and its MIC value was 40 ppm. The concentration of a compound required to inhibit the growth of a bacterial biofilm was higher than that required for a planktonic biofilm. This is because the exopolysaccharides contained in the biofilms make penetration more difficult [24] . The active compounds of the natural substances show bactericidal and bacteriostatic effects by preventing bacterial attachment to the surface of the pharynx, skin, and tooth mucosa; inhibition of glycolytic enzymes; pH reduction; reduction of biofilm and plaque formation; and reduction of the hydrophobicity of the cell surface [25] . In this study, when the highest concentrations of the M. pendans terpenoid were tested for 1 min, they could destroy approximately 40% of the biofilms that had been formed. Cowan [26] stated that the target of active compounds for bacterial eradication could be reached through disruption of the mechanisms of cell wall biosynthesis and permeability of the cell membranes, surface adsorption of compound components, inhibition of protein synthesis or nucleic acid metabolism, or inhibition of the enzyme activity through oxidation. Terpenoids can influence the release of planktonic cells from biofilms. Terpenoids can also influence the membrane integrity of all organisms and eradicated most biofilm cells [27] .
This study was the first that successfully showed the antimicrobial effect of a terpenoid from M. pendans under both the planktonic conditions and against S. mutans biofilms. Thus, natural compounds can be considered potential molecules for the prevention of dental plaque [28] . Natural substances were shown to have a direct effect on the formation of cariogenic biofilms by inhibiting the expression of glucosyltransferase activity in S. mutans and S. sobrinus [3, 29] .
Conclusions
A terpenoid with a molecular formula of C 31 H 50 O 3 extracted from M. pendans has potential to be developed as an antibacterial agent, particularly with to prevent the formation of biofilms with an MBIC value of 50 ppm and to eradicate approximately 40% of S. mutans biofilms. 
